Background/objectives: To select predictors related to cervical vertebrae maturation (CVM), dentoalveolar adaptation, head posture, and respiration on outcome of face-mask treatment. Materials/methods: Forty-six patients (24 boys and 22 girls) with skeletal Class III pattern whose CVM stages ranged from I to IV at pretreatment were selected. The observation period was 2.87 ± 1.77 years from the end of treatment. Negative overjet and overbite was regarded as unstable. CVM, 10 skeletal variables, 6 dental adaptation variables, 4 alveolar housing variables, an airway variable, and 2 head posture variables were chosen for discriminant analysis of initial characteristics between stable and unstable groups. Results: Measurements exhibiting strong correlations were distance from lower incisor to Nasion, B point (NB), Frankfort horizontal plane to Mandibular incisor Angle (FMIA), incisor overbite, body to anterior cranial base. Limitations: We missed muscle-related variables, which cannot be identified in a cephalogram. Conclusions/implications: Presence of non-skeletal cephalometric factors more closely associated with stability of face-mask treatment rather than skeletal cephalometric factors at the initial stage are confirmed.
Introduction
When orthodontists encounter Class III patients at an early age, it is difficult to determine proper intervention timing between immediate intervention and late surgical orthodontic approach. Since prediction of mandibular growth and appropriate treatment timing of Class III are quite different from other malocclusions, obtaining accurate prognosis can be challenging for orthodontists. If growth modification ends with unfavorable or unacceptable outcomes, patients and their parents who have invested enormous time, cost, and effort can become very frustrated. Even though the treatment can achieve acceptable outcome at the end of treatment, relapse of anterior crossbite often occurs by additional mandibular growth during retention period (1) . This is one of the downside risks of skeletal Class III orthopedic treatment. Therefore, prediction of treatment for longterm outcome is critical in Class III diagnosis and treatment plan.
Outcome predictors of skeletal Class III orthopedic treatment with face-mask have been studied previously. Several studies reported posterior face height and ramus dimension as predictors (2, 3) . Yet, the existence of a universal predictor remains questionable (4) . These results highlight the multifactorial aspects of etiology and prognosis in Class III orthopedic treatment.
A decrement of maxillary skeletal advancement in the face-mask treatment after pubertal growth peak and an increased dentoalveolar effect were reported (5) . During growth stage, mandibular growth exceeds maxillary growth. The maxillary protraction effect by facemask are reportedly just 2.71 mm (0.59 mm in control) (6) , whereas combined mandibular growth during cervical vertebrae maturation (CVM) stages 5 and 6 was reported as 7.09 mm (7) . To maintain normal overjet and overbite, orthodontists should prepare for greater mandibular growth. Therefore, dentoalveolar adaptation of incisors and overcorrected skeletal advancement of maxilla are key in maintaining positive overjet during and after face-mask treatment.
Yagci et al. (8) reported a treatment effect of face-mask on head position and airway area. Coquerelle et al. (9) suggested that hyoid bone position during ontogeny can affect antero-posterior positioning of basal symphysis in chimpanzees and humans. Antero-posterior position of mandible can be affected by breathing function, hyoid bone position, or head posture. These correlations should be considered in diagnosis and treatment planning of Class III malocclusion.
The purpose of this study is to determine possible predictors related to skeletal age, dentoalveolar adaptation, head posture, and respiration, which might affect treatment outcome of face-mask.
Material and methods
Class III patients (n = 507) treated with rapid maxillary expansion/ face-mask therapy followed by fixed, edgewise appliance therapy were chosen from 1996 to 2008 in the orthodontic department of Dankook University Dental Hospital. Every patient satisfied the following inclusion criteria: Asian ancestry (South Korean); skeletal Class III malocclusion [A point, nasion, B point (ANB) is under Korean norm corresponding Hellman's dental stage) with 0 mm to negative incisal overjet at initial diagnosis (T0); no congenital missing or extracted teeth before or during treatment in permanent dentition; cephalograms available at T0 and finishing at treatment (T1) and around 2 years passed from T1 (T2); cervical vertebral maturation stages I-IV before treatment (10); and no congenital deformities found in the craniofacial area. Forty-six patients (24 boys, 22 girls) were selected. The mean age of T0 stage was 9.80 ± 1.89 years. Active treatment period included 12+ hours/day of face-mask therapy and edgewise-fixed appliance treatment period was 4.43 ± 1.56 years. The mean period of recall visit was 2.87 ± 1.77 years passed from T1. Every patient had positive overjet and overbite at T1 stage. Long-term stability of rapid maxillary expansion/face-mask therapy followed by fixed appliance treatment was evaluated at T2 by overjet and overbite. At T2, unstable was defined as negative overjet or open bite. By this definition, all the patients were divided into a stable group (n = 29) and unstable group (n = 17). The measurements used are described in Table 1 and Figure 1 .
Statistical analyses
Independent t-test and discriminant analyses were performed to validate the predictor from measurements at T0 stage, which could differentiate the stable group and unstable group at T2. Kolmogorov-Smirnov test was performed prior to each comparison. Hyoid to cervical vertebrae; distance of the most forward point of hyoid outline from second cervical vertebrae axis Three measurements (initial CVM, facial length on Y-axis, and U1 labial alveolar housing) were excluded in parametric analyses and Mann-Whitney u-test was performed. Cephalmetric tracing was performed using V-ceph 7.0 software (Osstem, Seoul, Korea). Each cephalogram was traced by one examiner (KML) and re-examined by another examiner (DHC). Systemic error was calculated with paired t-test and errors caused by landmark identification were assessed with method of moments variance estimator (11) by randomly choosing five patients (10 films) for repeated distance, angle, and ratio measurements. No significance was found by paired t-test. The method errors were ranged from 0.2 mm to 0.93 mm for distance measurements, from 0.37 degrees to 1.74 degrees for angle measurements, and from 0.01 to 0.02 for ratio. Statistical calculations were performed using SPSS ver. 21 software (SPSS, Armonk, New York, USA).
Results
With independent t-test for parametric variables and with MannWhitney u-test for non-parametric variables, lower incisor (L1) to nasion, B point (NB) showed significant differences between stable group and unstable group at T0 (Table 2) . Patients with lingually inclined lower incisor at T0 had long-term stability in face-mask treatment. With discriminant analyses, correlation matrix data arranged in order of absolute value size and its corresponding canonical discriminant function coefficients are summarized in Table 3 . Distance from the NB plane to lower incisor tip contributed the most. Patients with small L1 to NB had a more favorable long-term outcome. Body to anterior cranial base ratio contributed the most among the 10 parameters representing skeletal characteristics of the face. They were negatively correlated. Patient with relatively long mandibular body length has poor prognosis. The ramus height contributed the least (Table 3) Classification results with discriminant analysis and discriminative power obtained using this equation are summarized in Table 4 . Using variables in present study, 82.6% of our cases were classified correctly.
Discussion
The 82.6% of discriminatory power in this study is similar with the 83.33% reported by Baccetti et al. (2) and somewhat less than the 87.5% of Ghiz et al. (12) and 93.3% of Moon et al. (3) . The predominant correlative variables were also different. There are several reasons. First, racial differences can contribute to the differences between studies. Subjects were of European-American ancestry in one study (2) , a mix of Chinese and white subjects in another study (12) , and of Korean ancestry in the study of Moon et al. (3) and this study. Class III malocclusion shows different incidences and characteristics among the populations. In Asian populations, the incidence of Class III malocclusion ranges from 9% to 19% (13) (14) (15) , which is at least twofold higher than the 1% to 5% reported in Western populations (16) (17) (18) . Skeletal Class III malocclusion in Korean is primarily due to mandibular overgrowth (48%), which is more than twice as high as the corresponding number for American Class III surgical patients (19%), somewhat higher than Chinese patients (39%), and similar to the Japanese patients (50%) (15) . Secondly, differences in allocation of subjects to the stable and unstable groups can affect the results. Baccett et al. (2) and Ghiz et al. (12) divided subjects into two groups-successful and unsuccessful-according to overjet and molar relationships. Moon et al. (3) and we chose overjet and overbite for assessment criteria of outcome. However, Moon et al. (3) divided subjects into three groups: good, fair, and poor. Although some face-mask studies chose molar relationship or ANB difference (19), our study chose overjet and overbite as outcome indicators, like other face-mask studies did (20, 21) . Overjet and overbite might not be good indicators for evaluation of skeletal pattern. However, they are rather obvious indicators that orthodontists, young patients, and their parents can commonly see and accept.
Third, the skeptical existence of a universal predictor can have contributed to inconsistency among the results of studies. Fudalej et al. (4) reported in a systematic review the existence of a universal predictor is questionable. There was no common predictor among previous (2, 3, 12) and the present studies. Baccetti et al. (2) reported that patients with a long mandibular ramus, an acute cranial base angle, and a steep mandibular plane angle in pretreatment cephalometric record might be unfavorable over the long term. Ghiz et al. (12) suggested that growing patients with forward position of the mandible, small ramal length, large mandibular length, and obtuse gonial angle are highly associated with unsatisfactory treatment outcomes after pubertal growth. The two studies showed opposed opinions on ramal length as a predictor. We included skeletal measurements from former studies in our pilot study. However, such measurements did not show more predominant correlations than described 30 measurements from our study. Similar pattern, like opposed opinion on ramal length, is found in studies of Ko et al. (22) and ours. Ko et al. (22) included upper and lower incisors into their investigation and reported that the L1 to occlusal plane angle and distance from A-Pog to L1 could be the determinant factors of differential diagnosis to evaluate prognosis of chin cup treatment. They suggested more lingually inclined L1 represent dentally compensated state of mandibular prognathism. However, our study showed an opposite result in inclination of L1. Face-mask might cause lingual inclination of L1 during treatment (23) . If we hypothesize that more labially positioned L1 before treatment has stronger recurrence tendency of turning back to original position after cessation of force by face-mask, it is reasonable to assess labially positioned L1 has higher relapse potential than lingually inclined L1.
ANB difference showed no significant difference between the unstable group and the stable group. Therefore, it is proper that difference in inclination of L1 is insufficient to represent a difference in severity of skeletal Class III tendency. Presently, inclination of L1 represented a dentoalveolar state of L1 itself. Jang et al. (24) also reported that length of lingual frenulum has significant correlations (r = −0.214) with ANB angle. However, correlation coefficients of −0.214 could explain only 4.58% in relations of cause and effect. These points highlight the ambiguous and multifactorial aspects of skeletal Class III malocclusion. However, Fudalej et al. (4) suggested that the gonial angle is one of the most frequently identified variables among 38 identified variables. The gonial angle also negatively correlated with stability of outcome in our study.
In our study, variables which have stronger correlations than skeletal factor could be found in categories of hyoid bone position and alveolar housing. The horizontal position of hyoid bone can represent the mandibular position, since the anterior belly of digastric muscles originate from mandibular symphysis attached with hyoid bone. Their contraction and relaxation closely relate to the position of hyoid bone. Coquerelle et al. (9) suggested that the suprahyoid muscles have considerable influence on the forward growth of the symphysis. Patients with anteriorly positioned hyoid bone had strong relapse tendency in our study. In growth modification of skeletal Class III malocclusion, the age of the patient is very important (25) . Protraction face-mask therapy is less effective in growing patients who are older than 10 years (26) . Children need early intervention before growth peak to obtain orthopedic effect without dentoalveolar side-effect (5). Therefore, early CVM stage in the first visit is necessary to obtain good prognosis. Alveolar housing can represent adaptation capacity of alveolar bone along with mandibular growth. Picanco et al. (27) reported that thin alveolar thickness can be a risk factor of severe root resorption. Palatal alveolar housing of upper incisors and labial cancellous alveolar housing of lower incisors had relatively stronger correlations than other alveolar housing-related parameters. As mandible grows forward, labioversion of upper incisors and lingual inclination of lower incisors are necessary to keep positive overjet. However, these adaptive movement of crowns can cause uncontrolled tipping of roots. And, adaptation capacity of palatal alveolar housing in upper incisors and labial cancellous alveolar housing in lower incisors reveals the limitation of root movements.
Ramus to cervical vertebrae (CV) ranked 11th in structure matrix. Larger posterior ramal border to axis of the second cervical vertebrae angle is related to more raised head posture. Head and neck posture directly affects to the upper airway in infants and children (28) . Several studies tried to quantify influences of airway spaces to head posture (29, 30) . In our study, a more raised head posture had relatively high relapse tendency. Raised head posture extends the neck and improves airway patency. These kind of physiological reflexes can happen in children who have difficulties in breathing or airway problems.
Our study has some limitations. We missed muscle-related variables, which cannot be identified in a cephalogram. Therefore, further research is needed concerning muscle activity and other functional factors to find any significant hereditable components. Our study focused on pretreatment cephalometric variables. However, the initial presentation of patients is not the only factor to determine stability of treatment. Therefore, dimensional changes of anatomical components during face-mask treatment should be investigated.
Conclusions
Skeletal Class III patients with lingually positioned lower incisors show more favorable outcomes of face-mask treatment in the long term. Some non-skeletal cephalometric measurements representing dentoalveolar adaptation, respiration, and head posture are more closely associated with stability of face-mask treatment rather than skeletal cephalometric factors at initial stage.
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